Three polyacetylenes, 8-(β-D-glucopyranosyloxy)-3-hydroxy-1,9,14-pentadecatriene-4,6-diyne, termed "helian"(1), 8-acetoxy-3-hydroxy-1,9,14-pentadecatriene-4,6-diyne (2), and 3,8-dihydroxy-1,9,14-pentadecatriene-4,6-diyne (3) were isolated from seedlings of sunflower, Helianthus annuus L. cv Russia. Compounds 1 and 2, having a β-glucose and an acetoxy group at C-8, respectively, showed a weak effect on the growth of roots and shoots of rice (Oryza sativa L.) and cress (Lepidium sativum L.), while compound 3, having a free hydroxyl group at C-8, exhibited a growth promoting effect on the roots and shoots of rice and cress.
Allelochemicals have potential to regulate plant growth and development [1] [2] [3] . Polyacetylenes have been identified in many families of higher plants, such as Asteraceae [4] [5] [6] , Araliaceae [7, 8] , and Umbelliferae [9] , and some of them possessed allelopathic activities. Sunflower (Helianthus annuus L.), family Asteraceae, has been studied for its great allelopathic activities on weed-seedling growth. Sesquiterpene lactones and diterpenes, as allelochemicals, have been isolated from sunflower leaves and seeds.
These compounds showed regulatory activities on plant growth and seed germination [10] [11] [12] [13] [14] . The sesquiterpene lactones isolated from sunflower were studied for structureactive relationships [15] . In our continuing search for allelochemicals from plants, C-17 polyacetylene compounds have been isolated from galls of Hedera rhombea. We found that plant growth inhibitory activity of the polyacetylenes was due to variation in the chemical structures [16] . Recently, we have isolated a new C-15 polyacetylene, 8-(β-D-glucopyranosyloxy)-3-hydroxy-1,9,14-pentadecatriene-4,6-diyne, termed "helian" (1), from sunflower H. annuus cv Russia seedling. Compound 1 showed growth inhibitory activity in cress root after 26 hours of germination [17] . In this paper, we report the isolation and identification of helian (1), 8-acetoxy-3-hydroxy-1,9,14-pentadecatriene-4,6diyne (2), and 3,8-dihydroxy-1,9,14-pentadecatrien-4,6-diyne (3) from H. annuus and the plant growth regulating activity of these compounds on roots and shoots of rice (Oryza sativa L.) and cress (Lepidium sativum L.).
The acetone extract of the seedlings of H. annuus L. cv Russia was partitioned between EtOAc and H 2 O. The EtOAc-soluble portion was subjected to silica gel column chromatography using C 18 Sep-Pak cartridges, and reversed-phase HPLC to give helian (1, 0.000065%), 8-acetoxy-3-hydroxy-1,9,14penta-decatriene-4,6-diyne (2, 0.00002%), and 3,8-dihydroxy-1,9,14-pentadecatriene-4,6-diyne (3, 0.00004%). Although these compounds possess similar structures, including four acetylenic carbons, six olefin carbons, and three methylene carbons, as indicated by the 1 H and 13 C NMR spectroscopic data, compounds 1-3 possess different functional groups at C-8. Compounds 1 and 2 have a β-glucose and an acetoxy group at C-8, respectively, while compound 3 possesses a free hydroxyl group at C-8. The structures of compounds 1-3 were identified by comparison with the spectroscopic data of 1-3 and the literature values (1: [17] , 2: [18, 19] , and 3: [18, 19] ). It was difficult to determine the absolute configuration of compounds 1-3 because of small amounts and instability. Compound 1 had already been identified in sunflower seedlings by our group [17] , but this is the first report of the isolation of compounds 2 and 3 from sunflowers, although both had been previously isolated from Grangea maderaspatana [18] . In our previous study, helian (1) had showed growth inhibitory activity of cress root after 26 hours of culture [17] . So, we investigated the plant growth regulatory activity of these three polyacetylenes (1-3) towards roots and shoots of rice and cress in test solution of 10 -5 , 10 -6 , and 10 -7 M. Helian (1) showed no significant effect on roots and shoots of cress, but showed very weak inhibitory activity against rice roots after 36 hours of culture (Figure 1) . Compounds 1 and 2 did not significantly exhibit growth promoting and inhibitory activity against roots and shoots of cress and shoots of rice, while they showed very weak inhibitory activity against rice roots.
In contrast, compound 3 showed significant growth promoting activities in roots (136% at 10 -7 M) and shoots (167% at 10 -6 M) of rice and in cress roots (124% at 10 -5 M) ( Figure 1) . The results indicate that compound 3 exhibits growth promoting activities for rice roots and shoots at optimal concentrations of 10 -7 M and 10 -6 M, respectively. Although compounds 1 and 2 have a β-glucose and an acetoxy group at C-8, respectively, compound 3 possessed a hydroxyl group attached to C-8. Thus it is suggested that the growth-promoting activity of compound 3 is due to the presence of a Polyacetylenes with plant growth-promoting activity Natural Product Communications Vol. 4 (1) 2008 41 free hydroxyl group at C-8. This is the first report of polyacetylenes having growth-promoting activity for plants.
Experimental
General procedures: Optical rotations were measured with a JASCO DIP-370 polarimeter. IR spectra were recorded on a JASCO FT/IR-300 spectrometer. NMR spectra were obtained on Bruker AVANCE 500 and 600 spectrometers. ESIMS were recorded on a Waters-Platform LC mass spectrometer.
Plant material: Seeds of sunflower (Helianthus annuus cv. Russia) were spread evenly on moist vermiculite in trays and incubated at 25℃ in the dark for five days. Seedlings (hypocotyls length, ca. ≈ 12 cm, 2.0 kg) were harvested, collected and frozen at -40℃ until use.
Extraction and isolation of compounds 1-3:
The seedlings (2.0 kg) were homogenized in 85% acetone (3.2 L). The homogenate was filtered and allowed to dry in vacuo at 40℃. The acetone extracts were partitioned between EtOAc (60 mL ×3) and H 2 O (60 mL. The EtOAc-soluble portion (2.08 g) was subjected to silica gel column chromatography (2.2×35 cm) eluting with a n-hexane-acetone solvent system with increasing polarity (n-hexane/acetone, 6:1 to 0:1) to separate into 18 fractions (EA-1-EA- Bioassay: Compounds 1-3 were dissolved in a small volume of MeOH and three test samples (10 -5 , 10 -6 , and 10 -7 M for each sample) were added to filter papers (Whatmen No.1) in Petri dishes. The filter papers were allowed to dry to remove MeOH. Ten seeds of cress and rice were placed on the filter papers moistened with 500 μL of a 0.01% aqueous solution of Triton X-100. The Petri dishes were kept in the dark at 25℃ for 36 h (cress) and 70 h (rice), respectively, and the root and shoot lengths were measured. Control seedlings were treated only with Triton X-100 solution. Data were collected from four replicates.
